This study aimed to investigate associations between: (a) psychological distress, self-perceived health status and sleep duration among a large representative general population sample; and (b) patterns of sleep duration, physical activity and Body Mass Index among a subgroup of participants who self-reported as being in good health with low psychological distress. Data collected from six waves of the Nation Health Interview Surveys (NHISs) was employed. The results indicated that both psychological distress and self-perceived health status were strong predictors of sleep duration. Participants with high serious psychological distress scores reported sleeping 7 -8 hours less often than those in low or moderate psychological distress and were also most likely to sleep for less than 6 hours or 9 or more hours. Similar patterns were observed for sleep duration by self-reported health status. Subgroup analysis including only participants in self-reported excellent or very good physical health with low mental distress scores showed that participants who engaged in higher frequencies of vigorous and strengthening exercises were more likely to sleep less than six hours, and participants with a BMI of 25 or higher were also more likely to sleep less than six hours.
Introduction
Sleep is essential for humans [1] , but the functions of sleep are unclear. Past hypotheses have suggested that an important function of sleep is to reduce metabolic rate and conserve energy (Berger and Phillips, 1995) . During sleep, however, metabolic rate in the brain varies by sleep stages; it has been observed that most regions of the brain are less active during slow-wave sleep but some regions are more active during rapid-eye movement sleep [2, 3] . Rather than simply being a time of rest for the body and brain, it is widely accepted that, during sleep, essential neuronal activities take place such as memory consolidation [1, 4] . Sleep is associated with increased secretion of growth hormone [5] and sleep deprivation impairs normal immune activity [6] as well as carbohydrate metabolism and endocrine function [7] . Although maintaining adequate sleep is considered crucial for health, the required amount of essential sleep or "core" sleep is not clear and scientific debate is ongoing. Core (or basal) sleep is generally believed to be about eight hours, but this may vary greatly between individuals [8, 9] . Observational studies have indicated that maintaining 7 -8 hours of sleep is associated with the best health outcomes, while sleeping less or more is associated with poorer health status and increased risk of morbidity and mortality [10] [11] [12] [13] [14] [15] [16] [17] . Sleep duration is also associated with a large number of social, economic and lifestyle factors that influence health and risk of morbidity and mortality [4] , while stress, depression and poor physical health status impair sleep quality and sleep duration [18] [19] [20] [21] [22] . Given that the brain is to perform certain tasks (i.e. memory consolidation) during sleep, then variations in processing efficiency may affect the quantity of sleep required for different individuals (i.e. individuals with higher efficiency of neuronal sleep tasks may require less sleep). Efficiency itself may be influenced by metabolic rate in the brain, and even possibly related to global metabolic rate and energy expenditure. Moreover, sleep duration, energy intake, metabolic rate and energy expenditure interact with psychological distress, health status, physical activity levels and body mass [23] .
This study aimed to investigate the associations between: (a) psychological distress level, self-perceived health status and sleep duration; and (b) patterns of sleep duration, physical activity level and Body Mass Index (BMI) among a subgroup of participants who self-reported
Method
This study used combined data from seven waves (2004) (2005) (2006) (2007) (2008) (2009) (2010) [24] [25] [26] [27] [28] . Briefly, the NHISs were nationally focused and conducted by the National Center for Health Statistics (NCHS), Centers for Disease Control and Prevention (CDC). NHISs were conducted to provide comprehensive estimations of health indictors at a national level, and state stratified samples were draw from all 50 states and the District of Columbia to ensure the samples were representative at state level [24] [25] [26] [27] [28] . Households were the basic unit of the NHIS. For each selected household, if there was more than one family residing in a household, all families in the household were selected. One randomly selected adult (>18 yrs) was selected per family to provide detailed information regarding their health and health-related behaviors. In this study we used the following information collected from the sample adults: usual hours of sleep, self-reported health status, health status compared to one year ago, level of psychological distress measured by the Kessler 6 (K6) scale, demographics (age, gender, race, highest education attained, income, occupation, marital status, region and year of interview), Body Mass Index (BMI) and frequency of physical activity (moderate/vigorous/strengthening). Distributions of demographics, Body Mass Index and frequency of physical activity in the sample have been described on the National Health Interview Survey website (http://www.cdc.gov/nchs/products/hestats.htm).
Sleep quantity was measured in hours in NHISs. Sleep was categorized according to length based on current understandings on normal sleep pattern [4, 8] : 1) less than 6 hours, 2) 6 hours 3) 7 -8 hours, 4) 9 hours or more. Self-reported health status was used as the indicator of health. Psychological distress levels were indicated by Kessler 6 scores. The Kessler 6 scale is a measure of non-specific psychological distress experienced in the last 30 days, and is a reliable and valid indicator of current mental health status [29] . Adult health status was divided into: 1) excellent and very good; 2) good; and, 3) fair and poor. Psychological distress scores measured by the Kessler 6 questionnaire were grouped as follows: 1) minimal (K6 score: 0 -6); 2) moderate (K6 score: 7 -12); and, 3) serious (K6 score: 13 -24) [30, 31] . In the stratified analysis, proportion of sleep by duration was estimated and compared across age groups, health status and psychological distress. In the multivariate analysis, multinomial logistic regression was applied to investigate associations between sleep duration and age, health status and psychological distress while adjusting for demographics (age, gender, race, highest education attained, income, marital status and region), Body Mass Index (BMI), and frequency of 10 minutes or more leisure-time physical activity (separately for moderate, vigorous, strengthening. Moderate leisure-time physical activities were defined as "only light sweating or a slight to moderate increase in breathing or heart rate", vigorous leisuretime physical activities were defined as "heavy sweating or large increases in breathing or heart rate", and strengthen leisure-time physical activities were defined as physical activities specifically designed to strengthen your muscles [26] . BMI was categorized into four groups: 1) less than 18.5; 2) 18.5 -24.9; 3) 25 -29.9; and, 4) 30 and higher. Frequency of leisure-time physical activities for each of moderate, vigorous and strengthening levels were categorised into eight groups: 1) never; 2) less than once per week; 3) 1 -2 times per week; 4) 3 -6 times per week; 5) 7 times or more per week; 6) unable to perform physical activity and, 7) frequency not reported.
Further subgroup analysis aimed to investigate the association between sleep, physical activity and BMI in order to minimize the potential confounding effects of physical and mental health status. The sub-group sample was limited to participants who: self-reported excellent or very good health status; indicated minimum psychological distress (K6 score: 0 -6); answered "about the same" to the question: "Compared with 12 MONTHS AGO, would you say your health is better, worse, or about the same?"; and, were able to perform any of the three levels of physical activity. Multinomial logistic regression was employed and weighting was used in all analysis (weights were calculated by the data providers to ensure a representative sample).
Results
There were a total 187,091 adult records from the seven waves of NHIS. Information on sleep duration, health status or Kessler 6 score was not available for about 3% of participants and they were therefore excluded, leaving a total of 181, 261 participant records for analysis. Distribution of sleep duration by health status and age group is shown in Figure 1 . For all health status groups, the most commonly reported sleep duration was 7 -8 hours, there was however, substantial variation. Across all age groups, participants with fair or poor health were less likely than those reporting excellent, very good or good health to sleep 7 -8 hours. In addition, participants in fair or poor health were more commonly represented among those sleeping less than 6 hours and those sleeping 9 hours or more. Conversely, those in excellent or very good health more commonly slept 7 -8 hours than those in good, fair or poor health. Similar patterns were observed for sleep duration by psychological distress. Participants with high serious psychological distress scores reported sleeping 7 -8 hours less often than those in low or moderate psychological distress and were also most likely to sleep for less than 6 hours or 9 or more hours (Figure 2) .
Multivariate analysis confirmed the significant associations observed in the stratified analysis among sleep duration, health status and psychological distress. Participants with less desirable health status or higher psychological distress were significantly more likely to sleep more or less than 7 -8 hours ( Table 1) . Among participants with excellent or very good self-perceived health status and low psychological distress only about 5% slept less than 6 hours and a further 20% slept between 6 and 7 hours. Comparing to males, females are significantly less likely to sleep six hours. Table 2 shows results from the subgroup analysis of participants with excellent or very good self-perceived health status and lowest level of psychological distress. After controlling for potential confounders, undertaking vigorous leisure exercise 7 or more times per week or strengthening exercises 3 or more times per week were both associated with a significantly higher likelihood of sleep duration lasting less than 6 hours. However, undertaking moderate physical activity 3 -6 times per week was associated with significantly lower likelihood of sleep lasting less than 6 hours. It was also observed that taking vigorous exercise once or more per week was associated with significantly lower prevalence of sleeping 9 or more hours, but moderate physical activity performed 7 or more times per week was associated with significantly higher prevalence of sleeping 9 or more hours. Compared to participants with normal body weight, overweight and obese participants were more likely to sleep 6 hours or less, while underweight participants were significantly more likely to sleep 9 hours or more.
Discussion
This population-based study showed that both psychological distress and self-perceived health status were strong predictors of sleep duration. This observation is consistent with the general consensus in the literature that poor physical and mental health impairs sleep quality and increases the risk of sleep disturbance. Mental disorders and physical morbidities increase the risk of insomnia leading to reduced sleep duration, in addition, they may reduce the quality of sleep, which can lead to an increase in total sleep hours [10] [11] [12] [13] [14] [15] [16] . Conversely, insomnia and poor sleep quality may produce negative impacts on both physical and mental health [1, 4, 10, 11, 19] . It should be noted, however, that bed rest is a treatment for many physical health problems (and many health problems may increase fatigue), and this may mediate part of the apparent association between poor health and long sleep hours. The subgroup analysis only included participants in excellent or very good self-reported physical health with low mental distress scores, therefore minimizing the likelihood that variation in sleep duration among this group was due to serious underlying physical or mental health conditions. Only about 5% of the subgroup indicated less than six hours of sleep per night. Nevertheless, results indicated that participants who engaged in higher frequencies of vigorous and strengthening exercises were more likely to sleep less than six hours, as were participants with a BMI of 25 or higher. Participants with a BMI less than 18.5 were more likely to sleep 9 hours or more. Being physically active [32, 33] [34] [35] [36] . In addition, experimental studies indicate that sleep restriction increases sensations of hunger and appetite which increase energy intake, and facilitate increased body weight and energy expenditure [37] [38] [39] . It has been observed in animal studies [40, 41] that increased energy intake and energy expenditure engenders physiological compensation for sleep deficits and a similar mechanism has been suggested for healthy people [23] . Taken together, the current findings and results from past studies reasonably lead to the postulation that the brain's efficiency in conducting neurophysiological tasks during sleep may be higher among healthy people who require less sleep and this may be related to increased metabolic rate among this sub population, whereas increases in energy expenditure which in turn increase energy intake (associated with high BMI) may provide some physiological compensation for sleep deficit when sleep duration is restricted due to external factors [23] .
Conclusion
Both psychological distress and self-perceived health status were strongly association with sleep duration. Among participants with low psychological distress and good self-perceived health status, higher levels of physiccal activity and higher BMIs were both associated with shorter sleep duration.
